and are accompanied by an increase in the local thermal gradient, as documented by the crystallization of cordierite, andalusite and sillimanite; (5) the increase in the thermal gradient precedes the emplacement of granitoids and their concomitant thermal influence on the country rocks. The granitoids related to the final stages of tectonothermal activity of the shear zones are good-time markers of their evolutionary path.
Introduction
Magma emplacement along faults and shear zones, and spatial relationships between these structures and granite plutons have been widely discussed (e.g. Paterson and Schmidt 1999; Schmidt and Paterson 2000; Richards 2001; Weinberg et al. 2004 Weinberg et al. , 2006 Paterson 2006; Archanjo et al. 2008) . The discussion has focused on the question whether, and to what extent, magma migration is controlled by faults and shear zones, and on the problem of statistical evaluations of spatial and geometric relationships between populations of igneous bodies and structures in various crustal settings (Paterson and Schmidt 1999) . Relatively less attention has been paid to the petrology and internal structural features of the fault-related and shear zone-related granitoids. These problems have recently been investigated in the Central Sudetes (CS) granitoid intrusions (NE part of the Bohemian Massif) and in the Middle Odra Fault Zone (MOFZ; the Wrocław granitoids), which are both spatially and temporally related to large-scale faults and shear zones (including postulated terrane boundaries; Fig. 1 ).
1 3 Schulmann and Gayer 2000) , tectonic activity in the West and Central Sudetes was dominated by strike-slip movements along major faults/shear zones, exhumation of deeper crustal units and intense granitic plutonism (Mazur et al. 2006) . At that time, dextral strike-slip movements occurred along the boundary between the Nové Město Unit and the Orlica-Śnieżnik Massif (Mazur et al. 2005) , and sinistral displacements took place along the NNE-SSW-striking Niemcza Shear Zone (Mazur and Puziewicz 1995) and the NE-SW trending Skrzynka Shear Zone (e.g. Cymerman 1996) . The three strike-slip zones mentioned are accompanied by small granitoid bodies dated at 350-340 Ma and c. 325 Ma (Oliver et al. 1993; Pietranik et al. 2013; Mikulski et al. 2013; Mikulski and Williams 2014; Białek and Werner 2004; Białek 2014 , and new data presented hereafter).
Plutons of similar ages as those from the CS occur also within the MOFZ, between the South and North Odra faults (Dörr et al. 2006 ; Fig. 1 ). Deformational structures of some of the Odra granitoids (Oberc-Dziedzic et al. 1999; Dörr et al. 2006 ) suggest a likely strike-slip character of the South Odra Fault (Fig. 1c) .
The Middle Odra Fault Zone
The Middle Odra Fault Zone (Fig. 1c) forms an elongated, NW-SE trending horst, c. 200 km long and 20 km wide, entirely concealed under Cainozoic deposits. This horst is composed of amphibolite and greenschist facies metasedimentary and metabasic rocks, relatively older and of higher metamorphic grade compared with those in the two adjacent areas: the West Sudetes (in its Fore-Sudetic part) to the SW and the Wielkopolska Phyllite Unit (Ż elaźniewicz et al. 2003) to the NE. The metamorphic rocks are pierced by granitoids.
The position of the MOFZ in the European Variscides was discussed in detail by Dörr et al. (2006) . Ż elaźniewicz et al. (2003) interpreted this zone as a collisional transpressive suture between the Saxothuringia and Wielkopolska terranes (both being members of the Armorican Terrane Assemblage; Tait et al. 1997 ).
The Niemcza Shear Zone
The NNE-SSW-striking Niemcza Shear Zone, 42 km long and 5 km wide, separates the Góry Sowie Gneiss Massif to the west from the Kamieniec Metamorphic Belt to the east. To the north, it is bordered by the Central Sudetic Ophiolite (Ślęża Ophiolite) and, to the south, by the Marginal Sudetic Fault (Fig. 1c) . Lorenc (1998, and references therein) , and modified by the authors after the map of Mazur and Puziewicz (1995, and references therein) Fig. 3 Geological map of the Kłodzko-Złoty Stok Granitoid Massif, after Wierzchołowski (1976) ; position of domes according to Wojciechowska (1975) According to the early concepts of Finckh (1925) , Bederke (1929) and Meister (1932) , followed by Dziedzicowa (1963 Dziedzicowa ( , 1987 and Franke and Ż elaźniewicz (2000) , the rocks of the Niemcza Zone were derived from greywackes. However, Scheumann (1937) suggested that the Niemcza rocks were mylonitized Góry Sowie gneisses. The latter view was shared by Mazur and Puziewicz (1995) .
The Niemcza Shear Zone comprises mylonitized Góry Sowie gneisses. Amphibolites, quartz-graphite schists, mica schists form intercalations within the mylonites. Two fragments of the Central Sudetic Ophiolite: the Szklary Serpentinite Massif and the Braszowice-Brzeźnica Gabbro-Serpentinite Massif are enclosed within the Niemcza Zone. The mylonites are intruded by conformable sheets of granitoids.
The mylonites contain porphyroclasts of plagioclase (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) ), garnet and cordierite. Cordierite occurs also as younger porphyroblasts predating the intrusion of granitoids (Dziedzicowa 1987) . The matrix is composed of quartz and plagioclase, accompanied by syndeformational biotite and fibrolite in high-temperature mylonites, or muscovite and chlorite in low-temperature varieties (Mazur and Puziewicz 1995) . The lack of substitution between the high-and low-temperature mineral assemblages of the mylonites suggests that the mylonitization took place under variable conditions, simultaneously, in different parts of the Niemcza Shear Zone (Mazur and Puziewicz 1995) .
The penetrative foliation of the mylonites is parallel to the foliation of the Góry Sowie gneisses and to the lithological boundaries inside the Niemcza Shear Zone. The shear sense indicators point to non-coaxial deformation and a sinistral sense of shear. The mylonitization was followed by dextral shearing documented by the igneous fabric of the Koźmice granodiorite (Puziewicz 1992; Mazur and Puziewicz 1995; Cymerman and Piasecki 1994) .
The eastern boundary of the Niemcza Shear Zone with the Kamieniec Metamorphic Belt is less distinct than its western boundary with the Góry Sowie Massif, due to mesoscopic similarity of the gneiss-derived mylonites and the mylonitized mica schists to the east. The main difference between them is the An content in plagioclase (oligoclase An [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] in the mylonites versus albite in the mica schists) (Mazur and Puziewicz 1995) and, additionally, the presence of staurolite in the mica schists.
The sinistral strike-slip displacements in the Niemcza Shear Zone were coeval with the D 3 event that involved WSW-directed extension in the adjacent Kamieniec Metamorphic Belt (Mazur and Józefiak 1999) resulting in rapid decompression. This is documented by andalusite growth, not only in the Kamieniec mica schists, but also in the gneisses at the eastern margin of the Góry Sowie Massif (Dziedzicowa 1987; Mazur and Józefiak 1999; Nowak 1998 ).
The Złoty Stok-Skrzynka Shear Zone
The Złoty Stok-Skrzynka Shear Zone, trending NNE-SSW to NE-SW, approximately 12 km long and 4 km wide, separates the Kłodzko-Złoty Stok Granitoid Massif in the NW, from the metamorphic rocks of the Orlica-Śnieżnik Dome in the SE (Fig. 3) .
The Skrzynka Shear Zone exposes blastomylonites, mylonites and cataclasites derived from the Orlica-Śnieżnik gneisses and associated quartzo-feldspathic schists (Kozłowska-Koch 1973; Dumicz 1988) . These rocks show penetrative, NNE-SSW-trending and steeply dipping foliation, parallel to the zone boundaries, as well as a subhorizontal to shallow SW-plunging mineral stretching lineation (Dumicz 1988; Cymerman 1996; Murtezi 2006) . The main deformation in the shear zone was a sinistral ductile strike-slip non-coaxial shear (Cymerman 1996) . The rocks of this shear zone were intruded by the Jawornik granitoids (Fig. 3) . Mazur et al. (2005) The metamorphic rocks of the Złoty Stok-Skrzynka Shear Zone underwent two high-temperature, low-pressure thermal events. The first event took place after the mylonitization and before the intrusion of the Jawornik granitoids, and produced cordierite + andalusite paragenesis, subsequently replaced by cordierite + sillimanite assemblage. The growth of these minerals was not related to the proximity of granitoids (Kozłowska-Koch 1973) . The second event was caused by the thermal influence of the Kłodzko-Złoty Stok intrusion. It affected metamorphic rocks at the contact with granitoids and transformed them into hornfelses with andalusite, cordierite and sillimanite (Kozłowska-Koch 1973) .
The Nové Mȇsto-Orlica-Śnieżnik Shear Zone
The Nové Mȇsto-Orlica-Śnieżnik Shear Zone, between the Neoproterozoic? phyllite-amphibolite Nové Mȇsto Unit in the west, and the orthogneisses (with Lower Ordovician protolith) and Neoproterozoic? mica schists of the OrlicaŚnieżnik Dome in the east (Fig. 4) , has been considered as the boundary between the Teplá-Barrandian and the Moldanubian terranes (Mazur et al. 2005) . Both the adjacent units recorded a top-to-the SE thrusting of the Nové Mȇsto rocks and an early telescoping of both terranes within a nappe pile. This overthrust contact was reworked by dextral shear, resulting in a 1-2-km-wide shear zone with a relative vertical displacement of both units leading to tectonic juxtaposition of the hot, middle crustal OrlicaŚnieżnik rocks with the colder, upper-crustal Nové Mȇsto Unit (Mazur et al. 2005) .
In the Nové Město Unit (Fig. 4) , the metamorphic grade increases from greenschist facies in the west to amphibolite facies along its boundary with the Orlica-Śnieżnik Dome. In the Orlica-Śnieżnik Unit and in the contact shear zone, amphibolite facies metamorphic conditions were attained (Mazur et al. 2005 (Mazur et al. , 2006 Ilnicki 2013) . The metamorphic isograds are roughly parallel to the boundary with the Orlica-Śnieżnik Dome and, also, to the contacts with late-tectonic granitoid intrusions that were emplaced into the boundary shear zone. However, the increase in metamorphic grade was not connected with the thermal influence of these intrusions, which are younger than the shear zone (Mazur et al. 2005) , and are too small to produce the >2-km-wide thermal aureole (in so far as the surface outcrops reflect their true extent at depth).
Granitoids of the Central Sudetes and of the Middle Odra Fault Zone
In the Sudetes and in the Middle Odra Fault Zone, numerous Variscan granitoid intrusions occur (Fig. 1c) . The largest composite granitoid plutons, the Karkonosze Pluton and the Strzegom-Sobótka Pluton, are situated in the West Sudetes. The granitoids of the Karkonosze Pluton are dated by the ID-TIMS method at 312 Ma; the earlier reported SIMS (SHRIMP) zircon data are scattered mainly between ca. 322 and 302 (e.g. Kryza et al. 2012 Kryza et al. , 2014 . The granitoids of the Strzegom-Sobótka were emplaced between ~305 and 295 Ma (SHRIMP U-Pb method, Turniak et al. 2014 ; for earlier results, see Turniak et al. 2005; Mazur et al. 2007) .
The East Sudetes, in contrast, abound in small intrusions of Variscan granites, tonalites and quartz diorites that crop out in the Strzelin Massif and are hidden under Cainozoic sediments east of this massif. These granitoids are dated at 301-291 Ma (Turniak et al. 2006 ; zircon Pb-evaporation method); 295 Ma (Pietranik and Waight 2008 ; Rb-Sr mineral and WR isochron); 324-283 Ma (Oberc-Dziedzic et al. 2010a , 2013 Oberc-Dziedzic and Kryza 2012 : SHRIMP U-Pb zircon method). South of the Strzelin Massif, the Variscan granitoids form the relatively large Žulová Pluton (291 ± 5 Ma; 292 ± 4 Ma, LA-ICP-MS U-Pb zircon dating; Laurent et al. 2014) (Fig. 1c) .
The oldest granitoids, c. Parry et al. 1997) .
General petrographic characteristics of the granitoids, compiled from published papers, are shown in Table 1 .
The Middle Odra Fault Zone granitoids: the Wrocław granitoids Granitoids of the MOFZ form four groups of rather small intrusions drilled near Gubin, Szprotawa, Środa Śląska and Wrocław (Oberc-Dziedzic et al. 1999; Fig. 1c) . The Gubin and Wrocław granitoids are concealed by thick Lower Permian and Cainozoic deposits, while the Szprotawa and Środa Śląska granitoids are overlain by Cainozoic sediments and only locally by Lower Permian strata. Some of the Odra granitoids show faint magmatic foliation and lineation, whereas the Środa Śląska (Przedmoście) granitoids are intensively deformed under ductile conditions (ObercDziedzic et al. 1999) .
The Wrocław granitoids, represented by granodiorite and quartz monzodiorite (Table 1) , are known from two boreholes: Kątna l (at a depth of 1660.0-1791.3 m below the earth surface) and Chrząstawa l (at a depth of 1470.0-1538.7 m), c. 15 km EEN and EES of the Wrocław city centre, respectively (Fig. 1c) . Subcrops of these granitoids are c. 1.5 km downthrown relative to subcrops of (Dziedzicowa 1963; Mazur and Puziewicz 1995; Lorenc and Kennan 2007) ; the latter form a few bodies at the western and eastern margins of the Niemcza Zone. The contacts between the two varieties are sharp (Lorenc and Kennan 2007) .
The medium-grained granitoids show magmatic foliation and lineation, both broadly concordant with the foliation and lineation in the surrounding metamorphic rocks (Dziedzicowa 1963) . The Koźmice granodiorite (Fig. 2 ) displays structures that indicate continuous deformation from magmatic to subsolidus stage. The S/C structures point to dextral shearing during the subsolidus stage (Puziewicz 1992) .
The fine-grained monzodiorite from Koźmice, although older than the granodiorites, does not show any mesoscopic foliation and lineation (Puziewicz 1992) . However, studies of anisotropy of magnetic susceptibility (AMS) revealed that a subhorizontal magnetic lineation occurs in the majority of medium-grained granodiorite bodies and in the Koźmice monzodiorite (Werner 2002) . These results confirm that the granitoids in the Niemcza Shear Zone were emplaced as syntectonic magmas.
The granodiorites contain numerous enclaves of metamorphic schists arranged broadly parallel to the granodiorite foliation. Many of them are transformed into schlieren. The complete transformation of the xenoliths apparently caused the observed variability of the mineral and chemical composition of the medium-grained granitoids (Lorenc and Kennan 2007) .
The Kośmin granodiorite were interpreted to have crystallized from a magma within a temperature range of 850-730 °C and pressure of 4 ± 1 kbar (Puziewicz 1992) , i.e. at a depth of ~16-18 km.
The Złoty Stok-Skrzynka Shear Zone granitoids: the Kłodzko-Złoty Stok granitoids
The Kłodzko-Złoty Stok Pluton (Figs. 1, 3) is the largest granitoid intrusion (120 km 2 ) in the CS. To the south-east, the massif is bordered by orthogneisses (~500 Ma, Turniak et al. 2000) and mica schists (c. 560-490 Ma, Mazur et al. 2012 ) of the Orlica-Śnieżnik Dome, and by the rocks of the Złoty Stok-Skrzynka Shear Zone (Figs. 1c, 3) . To the west, the massif intrudes the rocks of the Kłodzko Metamorphic Unit (Neoproterozoic-Middle/Upper Devonian, Mazur et al. 2006) , and to the NW, the Palaeozoic (including Lower Carboniferous) sedimentary rocks of the Bardo Unit. The north-eastern part of the massif is truncated by the Sudetic Marginal Fault (Bederke 1922) .
The Kłodzko-Złoty Stok Massif is composed mainly of granodiorite, with transitions to granite, quartz monzodiorite, quartz monzonite and tonalite. Less abundant are monzodiorite, quartz diorite and monzonite, whereas microcline granite, diorite and syenite are scarce (Wierzchołowski 1976 ; Table 1 ).
The Kłodzko-Złoty Stok granitoids show a magmatic foliation defined by accumulations of biotite and hornblende, which delineates several dome structures in the intrusion (Wojciechowska 1975; Fig. 3) . Mafic enclaves of tonalite, diorite, quartz diorite and mela-gabbro abundant throughout the pluton are interpreted in terms of mingling of acid and basic magmas (Lorenc 1994) . Apart from the mafic enclaves, the granitoids of this massif contain also xenoliths of country rocks, mostly representing roof pendant hornfelsed rocks.
The Kłodzko-Złoty Stok Pluton and its country rocks are cut by dykes of pegmatite, aplite, porphyritic microgranodiorite and lamprophyres (spessartite and vogesite) (Wierzchołowski 1976 (Wierzchołowski , 1977 (Wierzchołowski , 2003 Awdankiewicz 2007) .
The contact with the country rocks is distinctly intrusive with a well-defined thermal aureole. The highest temperatures of 750 °C are recorded in rocks at the very contact and within the roof pendants. The width of the thermal aureole was estimated as several hundred metres within the metamorphic rocks of the Orlica-Śnieżnik Dome (Bagiński 2002) , and c. 2200 m within sedimentary rocks of the Bardo Unit, where the temperature may have reached 500-400 °C (Wierzchołowski 1976; Bagiński 2002) . However, temperatures estimated using the Conodont Alteration Index (CAI) indicate that the areal extent of the thermal influence of the intrusion on the sedimentary rocks of the Bardo Unit was greater than suggested by earlier estimates (Haydukiewicz 2002 ).
The Złoty Stok-Skrzynka Shear Zone granitoids: the Jawornik granitoids
The Jawornik granitoids, represented by biotite granite, amphibole-bearing granodiorite, granite with primary muscovite, leucogranite and pegmatite (Burchart 1960; Białek 2003 ; Table 1 ), form a set of NNE-SSW-aligned small intrusions, interpreted mainly as sills and, subordinately, dykes in the host rocks of the Skrzynka Shear Zone (Białek and Werner 2002) .
The granitoids have been variably deformed during magmatic to submagmatic stages, with a minor solid-state overprint. The granitoid foliation, NNE-SSW-trending and moderately to steeply dipping towards W and E, is parallel to the elongation of the magmatic bodies. The foliation defined by the anisotropy of magnetic susceptibility shows a good correlation with the mesoscopic tectonic foliation at the outcrop scale. The NE-SW trend of the gently plunging magnetic lineation is attributed to magma flow during emplacement (Białek and Werner 2002) .
The Jawornik granitoids probably crystallized at 660-730 °C and under pressure of 5.5 kbar, corresponding to a depth of 18-23 km (Białek 2003) .
The Nové Mȇsto-Orlica-Śnieżnik Shear Zone granitoids: the Kudowa-Olešnice granitoids
The Kudowa-Olešnice Massif is an N-S elongated, 15-kmlong and 1.5-(in the S) to 5-km (in the N)-wide granitoid intrusion (Fig. 4) . The northern part of the massif is composed of grey, medium-grained granodiorite, and red, fineto medium-grained granodiorite (Białek 2006) . The southern, narrow part of the massif is mainly composed of older granodiorite and tonalite.
According to Ż elaźniewicz (1977), the granitoids of the Kudowa-Olešnice Massif show a distinct magmatic foliation defined by parallel alignment of biotite and flattened quartz grains deformed into mosaic aggregates due to protoclasis. The orientation of the foliation indicates that the larger and younger northern part of the massif has a loaf-like shape and is floored and roofed by mica schists (the Stronie Formation) in the western part of the OrlicaŚnieżnik Dome. In this part of the pluton, magma was delivered through a rather narrow channel, NE of Kudowa, marked by the steeply dipping planar structures and the occurrence of enclaves (Fig. 4) . The older granitoids in the south form a number of sheets (up to 500 m thick), parallel to the foliation of metamorphic rocks, in the discontinuity zone separating the Nové Město and Orlica-Śnieżnik Dome units (Ż elaźniewicz 1977) .
Methods used
Petrography, geochemistry and tectonics of the Central Sudetes granitoids have been studied earlier by many authors, and their results are compiled and discussed hereafter, together with our new data on geochemistry, Sr-Nd radiogenic isotope characteristics and U-Pb SHRIMP zircon ages from three samples of selected granitoids.
Fifteen samples of granitoids have been analysed in the ACME Analytical Laboratories Ltd, Canada, for major, trace and rare earth elements, using combined ICP-OES and ICP-MS techniques.
The same samples were analysed at Université Blaise Pascal, Clermont-Ferrand, for Sm-Nd isotopes, following the procedure described by Pin and Santos Zalduegui (1997 (1981a, b) .
Rb and Sr concentrations were determined at Ecole Nationale des Mines d'Alès (France) by wavelength dispersive X-ray fluorescence spectrometry with a Philips PW 1400 sequential spectrometer. The analytical procedure followed the method described by Harvey and Atkin (1981) , with a calibration using USGS and CRPG international reference rocks. The results were the average of six replicate measurements of each pressed powder pellet, with relative standard deviation better than l %. Sr isotopic compositions were measured using an upgraded VG54 E thermal ionization mass spectrometer, after chemical separation using standard cation exchange techniques (see Pin et al. 1990 for details).
Three samples, one from the Kłodzko-Złoty Stok granodiorite, one from the Wrocław granite and one from the Kudowa granite, have been selected for SHRIMP zircon dating. Details of the SHRIMP analytical procedures are given in Online Resource 1.
Geochemistry of granitoids of the Central Sudetes and of the Middle Odra Fault Zone

Major elements
The CS and the Wrocław granitoids are predominantly magnesian (apart from a few samples of the Kłodzko-Złoty Stok granitoids; Fig. 5a , c, e, g), and alkali-calcic, calc-alkalic, exceptionally calcic and alkalic rocks (Fig. 5b, d , f, h). In comparison, most of the granitoids from the Strzegom-Sobótka and Strzelin massifs (West and East Sudetes, respectively) represent both magnesian and ferroan types and belong to the calc-alkalic type (Domańska-Siuda 2007; Oberc-Dziedzic et al. 2013) . The majority of the CS and Wrocław granitoids are high to very high potassic (Fig. 6) , and both metaluminous and peraluminous (Table 2) .
3
Trace elements
The chondrite-normalized multi-element diagrams are characterized by distinct negative Nb and Ti anomalies (Fig. 7a, c, (Frost et al. 2001) for the Central Sudetes granitoids. Analytical data: a, b Sachanbiński (1980) ; c, d Dziedzicowa (1963) ; Puziewicz (1992) ; Pietranik et al. (2013) ; e, f Bachliński and Bagiński (2007) and references therein; g, h Bachliński (2007) 2010a, 2013), there is no very strong negative Sr anomaly in the CS and Wrocław granitoids (Fig. 7a, c, e) . The relatively weak Sr anomaly suggests either that plagioclase fractionation played a minor role in the igneous evolution, or that different source material and resulting partial melts were involved in the studied granitoids, when compared to those of the Strzelin Massif. Worth noticing is that the OL sample displays a HREE depletion which might reflect a magma extracted from a relatively deep crustal source containing residual garnet; this would be in fair agreement with Sr-Nd radiogenic isotopes (Bachliński 2007 ) which point to an almost purely crustal source for this granite.
The multi-element diagrams for the granitoids of Kątna, Olešnice and Niemcza show distinct negative Ta anomaly (Fig. 7a, c) , similar to that reported from tonalites of the Strzelin Massif (Oberc-Dziedzic et al. 2010a ). The Kłodzko-Złoty Stok granitoids show also a negative Ta anomaly, but weaker than in the other samples (Fig. 7e) .
The granitoids of Wrocław and of the CS show different total REE concentrations, from 50 to 251 ppm (Table 2; Bachliński 2007) . In all studied granodiorites, the (La/ Yb) N ratios are between 7.9 and 14 (Table 2) . A distinctly lower La N /Yb N ratios observed in pegmatite (3.5) and leucocratic granodiorite of the Kłodzko-Złoty Stok Massif (4.76) (Table 2; Fig. 7f ) are associated with lower total REE concentrations and are therefore interpreted to reflect the removal of LREE-enriched accessory minerals such as allanite and/or apatite (as also indicated by the extremely low amount of P left in the pegmatite KLO 9). The chondrite-normalized REE patterns of the CS and Wrocław (Kątna) granodiorites display distinct, steeply decreasing LREE and HREE segments (Fig. 7f) . These patterns are similar to those of tonalites and biotite granites from the Strzelin Massif (Oberc-Dziedzic et al. 2010a , 2013 and clearly different from the REE patterns of the Karkonosze granites (Kryza et al. 2014, and references therein) .
In all the CS and the Wrocław granodiorites (except for the highly fractionated pegmatite KLO 9; Fig. 7f ), the depth of the Eu/Eu* anomalies are broadly similar: 0.61-0.93 (average 0.7; Table 2 ; Fig. 7f ). These values are also similar to those in the tonalites (0.62-0.80), but lower than those observed in the biotite granites (0.54-0.64) of the Strzelin Massif (Oberc-Dziedzic et al. 2010a , 2013 and in the Karkonosze granites (0.17-0.49) (Kryza et al. 2014 ). Bearing in mind that negative Eu anomalies in granitoids may either reflect earlier feldspar (mostly plagioclase) fractionation (provided that Eu occurred in significant proportion as the Eu 2+ species), or be inherited from source materials, or both, the different anomalies in various Sudetic granitoids might reflect diverse oxidation states of the magmas, variable extent of plagioclase fractionation, different source reservoirs or any combination of these. Nd ratios are higher in the CS granitoids than in the granitoids of the Strzelin Massif (0.083-0.1136; Oberc-Dziedzic et al. 2010a , 2013 , but they are well within the range of values observed in the Karkonosze and Strzegom-Sobótka large intrusions (Pin, unpublished data) .
Sm and Nd isotopes
In all the samples of the CS and Wrocław granitoids, the εNd i values are negative (Table 3 ) reflecting average source materials that were enriched in LREE on a timeintegrated basis. The lowest values of εNd (t) −6.3 is found in the Olešnice granodiorite. Similar values of εNd 331 , between −7.3 and −6.4, were obtained by Bachliński (2007) for the Kudowa granitoids. Such strongly negative values document a largely crustal derivation for these bodies. Significantly less negative εNd (t) values, ranging from −3.2 to −3.9, characterize the other granitoids, i.e. the Kłodzko-Złoty Stok, Kątna and Niemcza intrusions, with the notable exception of the Przedborowa syenodiorite, having the εNd (t) values between −1.6 and −2.7. The mildly non-radiogenic Nd isotope signatures of the CS granitoids are similar to those measured in the Karkonosze granite (εNd (t) = −3.0 to −3.7; Mierzejewski et al. 1994), and in the eastern part of the Strzegom-Sobótka Pluton (Pin and Puziewicz, unpublished data) . Slightly less radiogenic isotope ratios characterize the granites (εNd (t) = −3.8 to −5.7) and tonalites (εNd (t) = −4.0 to −4.3) of the Strzelin Massif (Oberc-Dziedzic et al. 2010a , 2013 , and the granitoids of the central and western parts of the StrzegomSobótka Massif (Pin and Puziewicz, unpublished data) .
On the εNd versus Sm/Nd diagram (Fig. 8a) , the data for the Niemcza Zone, Kłodzko-Złoty Stok and KudowaOlešnice granitoids form three separate clusters. The Kątna granodiorite and one sample of the Niemcza granodiorite fall into the Kłodzko-Złoty Stok granitoids cluster.
The model ages T DM in particular groups of the CS granitoids are similar, within the range of 1.11-1.50 Ga (Table 3) . However, the two older dates, at 1.41 and 1.50 Ga, are most likely biased to spuriously old values because their 147 Sm/ 144 Nd ratios were increased during igneous crystallization by fractionation of LREE-rich phases. Excluding these two samples, a T DM model age of 1.2 ± 0.1 Ga can be inferred for the average source materials of the CS granitoids, similar to those calculated for tonalites of the Strzelin Massif (1.11-1.20) (ObercDziedzic et al. 2010a (ObercDziedzic et al. , 2013 . Although this model age is obviously devoid of any direct geological significance, it is younger than the apparent crustal residence ages of 1.4-1.7 Ga in the Hercynian fold belt of Europe (Liew and Hofmann 1988) , thereby reflecting a lesser involvement of old (typically 2 Ga or more) recycled crustal components in the genesis of the CS granitoids.
Rb and Sr isotopes
The Rb and Sr data for the Niemcza and Kłodzko-Złoty Stok granitoids are given in Table 4 . The 87 Sr/ 86 Sr t values were calculated for the zircon ages obtained by either SHRIMP (Kłodzko-Złoty Stok granitoids, this paper) or multigrain evaporation method (Niemcza granitoids, Oliver et al. 1993) . In all samples from these two areas, the 87 Tables 3 and 4 , for the Kudowa-Olešnice granitoids from Bachliński (2007) their fairly different origin. Indeed, the source materials of the Kudowa Pluton were characterized, on a time-integrated basis, by relatively high Rb/Sr and Nd/Sm ratios, a feature typical of relatively mature, felsic upper crustal materials or sediments derived therefrom.
Geochronology
Published geochronological data
The Middle Odra Fault Zone granitoids, the Leszno Dolne granodiorite (the Szprotawa granitoids; Fig. 1 ) and the deformed hornblende monzonite from Przedmoście (the Środa Śląska granitoids) yielded an identical single zircon ID-TIMS age of 344 ± 1 Ma (Dörr et al. 2006) .
The emplacement age of the Niemcza granitoids (the Koźmice granodiorite) was estimated at 338 + 2/−3 Ma (ID-TIMS U-Pb, on mechanically abraded zircon and titanite; Oliver et al. 1993 ). The earlier, much younger K-Ar biotite ages of 300-277 Ma (Depciuch 1972) were also interpreted as the time of cooling (Lorenc and Kennan 2007) but, more likely, could reflect late-stage disturbances.
The zircons from monzodiorites of the Niemcza Zone were dated by Pietranik et al. (2013) at 342 ± 2 Ma for Przedborowa, and 336 ± 2 Ma for Koźmice (LA-ICP-MS). Within analytical uncertainty, these new data overlap the age published by Oliver et al. (1993) and, taken together, they date the igneous emplacement of the dioritic magmas at c. 340 ± 5 Ma.
The Kłodzko-Złoty Stok granitoids were dated at c. 298 Ma using the K-Ar method on biotite (Borucki 1966; Depciuch 1972) . Recently, much older ages have been obtained with the SHRIMP U-Pb method (Mikulski et al. 2013) , at 340 ± 3 Ma (quartz monzodiorite), 340 ± 3 Ma (hornblende monzonite) and 337 ± 3 Ma (biotite-hornblende granodiorite). Similar in age are granitoids forming apophyses cutting the sedimentary rocks of the eastern part of the Bardo Unit: 342 ± 3 Ma and 341 ± 2 Ma (Mikulski and Williams 2014) . Tonalite and spessartite dykes in the pluton gave slightly younger ages of 332 ± 3 Ma and 333 ± 3 Ma, respectively (Mikulski et al. 2013) .
The granitoids of the Kudowa-Olešnice Massif dated with the K-Ar method on biotite yielded scattered results: 328-293 Ma (Przewłocki et al. 1962) , 307 Ma (Borucki 1966) , 360-344 Ma (Domečka and Opletal 1974) . The same method applied later to seven granitoid samples gave ages within the range of 275-338 Ma. Five of these seven samples yielded ages higher than 314 Ma (average 329 Ma). The 7-point whole-rock Rb-Sr isochron gave the age of 331 ± 11 Ma, with an initial ratio of 87 Sr/ 86 Sr = 0.7103 (Bachliński 2007 , and references therein).
The U-Pb zircon SHRIMP age from the Bt-Hbl Jawornik granitoid is 351.0 ± 1.3 Ma (Białek 2014) , whereas the 40 Ar/ 39 Ar method on hornblende and biotite in the same rock yielded 351 ± 4 and 350 ± 4 Ma, respectively, and on muscovite from a Bt-Ms granite 345 ± 4 Ma (Białek and Werner 2004) . The age of the emplacement of the Staré Město tonalite (located near the boundary between the Central/East Sudetes and NT, Fig. 1 , and not taken into detailed consideration in this study) was reported as 339 ± 7 Ma (Pb-evaporation method on zircon; Parry et al. 1997 ).
New SHRIMP zircon age data
Three new samples of granitoids were selected for additional SHRIMP zircon dating. They represent the Wrocław granitoids (sample KAT), the Kłodzko-Złoty Stok Massif (sample DRO) and the Kudowa-Olešnice Massif (sample OL).
The results of the zircon analyses are shown in Online Resources 2, 3 and 4, and in Fig. 10a-c 
Sample KAT
Kątna 1 borehole (1769.0 m), the Wrocław granitoids (Fig. 1) . Petrography The selected granodiorite sample is a coarsegrained, grey-pink rock. The main constituent is subhedral plagioclase, up to 9 × 3 mm in size, displaying subparallel alignment. Most grains show indistinct zoning and albite twinning. Most of the plagioclase grains are cracked. Parts of the cracked grains may show weak reorientation. Microcline is less abundant than plagioclase and forms anhedral grains, without perthites, but with rare inclusions of quartz, euhedral plagioclase and biotite. Quartz in anhedral grains shows undulating or mosaic extinction. Dark brown to brown-olive biotite occurs in singular plates or aggregates surrounding plagioclase grains. It often encloses zircon crystals and rare apatite inclusions. Amphibole accompanies biotite or forms separate clusters. The minerals of the granodiorite show evidence of alteration.
Zircon characteristics and ages
The zircons are rather homogeneous in their morphology and other physical features. They are mostly normal-prismatic, euhedral to subhedral, with shallow pyramid (101) dominating. They are transparent and clear but contain numerous acicular and oval inclusions. A few crystals are broken. In the CL images, all zircons show strong oscillatory zoning, indicative of magmatic origin. A few grains contain distinct cores, CL bright or of irregular brightness (Fig. 9a) (Fig. 10a) . However, they all show significant discordance D, indicative of partial opening of the UPb system; thus, their true ages should be older than their 207 Pb/ 206 Pb dates in the 400-470 Ma range. The main population of 11 points are distributed between 345 ± 3 Ma and 354 ± 3 Ma ( 206 Pb/ 238 U ages, 1σ uncertainty), with discordance D scattered around zero (from -13 to +11 %). The average Concordia age for this group, calculated as 349 ± 2 (2σ) Ma, is interpreted as the likely igneous crystallization age (Fig. 10a) .
Sample DRO
Droszków, the Kłodzko-Złoty Stok granitoids (Fig. 3) .
Petrography Sample DRO is a medium-grained, porphyritic rock. Mesoscopically, the rock appears as coarse grained because of small size difference between plagioclase phenocrysts (~7 mm) and clusters of light and dark minerals. All the minerals in the rock are anhedral. Plagioclase shows indistinct normal zoning (An 36-48 , Wierzchołowski 1976 ) and albite twinning. Plagioclase interiors are often sericitized. Potassium feldspar is not very abundant, up to 5 mm in size, containing rare inclusions of plagioclase, quartz and biotite. Quartz shows undulatory extinction and wavy boundaries. The grains of light-coloured minerals are surrounded by strips and aggregates of dark minerals: brown biotite, green hornblende and pyroxene (Wierzchołowski 1976) . The pyroxene locally forms separate grains but more often is found as relics in hornblende or as inclusions in biotite. Dark minerals are accompanied by accessory apatite and ilmenite. Zircon is found as inclusions in biotite and hornblende.
Zircon characteristics and ages
The zircon population looks homogeneous as to the morphology and physical features of grains. The normal-prismatic euhedral crystals are dominated by pyramid (101). They are transparent and clean, and contain rare cores, but rather numerous inclusions. Subtle zonation is common. In the CL images, all the grains display oscillatory, magmatic zonation. Quite many grains contain oval or subhedral, usually CL-brighter cores (Fig. 9b) .
Twenty points in 12 grains have been measured. The SHRIMP data show strong variation in discordance % D values, from considerably negative (-14) to strongly positive (+39). In this sample, the ages were calculated with correction of common Pb c based on measured 208 Pb. Five spots, mostly located in grain cores, yielded inherited Precambrian ages clearly demonstrating the presence of inherited Precambrian components, with the following 207 Pb/ 206 Pb apparent age: 5.1 = 2602 ± 13 Ma, 6.1 = 1895 ± 77 Ma, 3.1 = 1940 ± 9 Ma, 11.1 = 1372 ± 9 Ma and 7.1 = 898 ± 51 Ma (uncertainties quoted at 1σ level). Among them, spots 5.1 and 6.1 are almost concordant and can be interpreted to reflect inherited zircon cores with c. 2.6 Ga and 1.9 Ga primary crystallization ages, respectively. Four other spots gave scattered 206 Pb/ 238 U dates: 570 ± 9 Ma (9.2 core), 510 ± 5 Ma (1.1), 377 ± 3 Ma (7.2) and 364 ± 3 Ma (9.1). The two first may represent Late Proterozoic and Cambro-Ordovician inherited or xenocrystic components, respectively, while the two younger dates are of doubtful significance due to their high degree of discordance (of reverse type for 7.2 and, accordingly, analytically suspect).
The largest group of 8 points show broadly coherent 206 Pb/ 238 U ages between 337 ± 3 Ma (point 6.2) and 353 ± 3 Ma (point 2.1), allowing to calculate an average Concordia age (excluding extremely U-and Th-rich point DRO 11.2) of 344 ± 3 (2σ) Ma (Fig. 10b) .
Finally, two spots (10.1 and 3.2) give considerably younger 206 Pb/ 238 U dates of 329 ± 3 and 326 ± 3 (1σ), respectively, depart from the coherent and older main population. These data are tentatively interpreted to reflect radiogenic lead loss during the postigneous evolution.
Sample OL
Olešnice (Czech Republic), the Kudowa granitoids (Fig. 5) .
Petrography Sample OL is a medium-grained, grey rock showing parallel alignment of minerals. It is composed of tightly packed, rounded, sometimes euhedral plagioclase grains, 2-3 mm in diameter. The twinning and zoning of plagioclase is poorly expressed. The grains do not show any signs of deformation and only faint alteration documented by sericite. The plagioclase grains are wrapped with strips of olive-brown biotite with zircon inclusions. Biotite is accompanied by altered amphibole and accessory apatite. The space between plagioclase grains is filled with very fine aggregate of plagioclase and quartz, penetrated by amoeboid grains of microcline and myrmekite. Rarely, between plagioclase grains, mosaic quartz aggregates appear. The rounded shape of plagioclase, together with the lack of brittle deformation, as well as the presence of the very fine-grained multi-mineral and quartz mosaic aggregates, points to high-temperature, submagmatic deformation (Passchier and Trouw 2005) .
Zircon characteristics and ages
The zircon population in this sample is very uniform: euhedral crystals are moderately clean, short to normal prismatic, with one shallow (101) prism dominating. A few crystals are broken (during separation?). In the CL images, the zircon crystals display a very characteristic structure: they often contain a distinct, usually oval (resorbed) core and thinner or broader overgrowths. The cores are very bright and the rims are very dark, corresponding to contrasting U and Th contents (high in the rims) (Fig. 9c) .
Two spots, out of the total of 14 in seven grains measured, have very high 206 Pb c , above 6 %. Interestingly, one of them (1.1) is U low, while the other (6.1) is extremely rich in U. The corresponding dates are problematic and should be treated with caution.
A striking feature of the zircons in this sample is their bimodal distribution, as far as the U and Th concentrations are concerned. In general, the rounded cores are U and Th poorer (c. 100-500 ppm U, and c. 15-130 ppm Th) and, consequently, CL bright, whereas the rims are U and Th 1 3 rich (up to 13,097 ppm U, and 1353 Th). The 232 Th/ 238 U ratios vary from 0.06 to 0.54, irrespectively of the U and Th concentrations (Online Resource 4).
Two spots clearly represent inherited Precambrian materials: 5.1 = 2133 ± 24 (D +2) and 3.1 = 1677 ± 20 Ma (D +9 %). Three other spots are also older compared with the main age groups, with 206 Pb/ 238 U ages: 4.1 = 463 ± 8 Ma, 1.1 = 350 ± 7 Ma (with a high common Pb = 6.7 %) and 2.1 = 427 ± 7 Ma. Taking into account the relatively highpositive discordance D (particularly in the first two points), their ages can be considered as minimum ages only.
The ages of the main group are scattered between c. 307 and 332 Ma, with the mean Concordia age for six points = 321 ± 4 (2σ) Ma (Fig. 10c) . However, the interpretation of the data is not straightforward. This age may average two magmatic episodes: crystallization of magma I (probably at around 325-332 Ma) that produced the cores, followed by injection of U-and Th-rich magma II events (at around 307 Ma) that caused partial resorption of older zircons and crystallization of U-and Th-rich overgrowths. Alternatively, and more likely, this could reflect magma mixing in the scope of a single episode (at about 330 Ma?) and, subsequently, the U-and Th-rich zircon rims might have suffered some radiogenic lead loss, as it is obvious for spots 4.2 and 6.1 with spurious 206 Pb/ 238 U ages as young as 108 and 155 Ma.
Discussion
Geological boundaries in the Central Sudetes and distribution of granitoids
The concentration of the Variscan intrusive rocks in major shear zones in the Central Sudetes and in the Middle Odra Fault Zone is indicative of a very close link between tectonic and magmatic processes at that stage of the Variscan orogeny.
The Niemcza and the Kudowa-Olešnice granitoids are evidently spatially related to shear zones (the Niemcza Shear Zone and the Nové Město-Orlica-Śnieżnik Shear Zone, respectively) which are considered as the boundary between the Teplá-Barrandian and Moldanubian terranes in the NE part of the Bohemian Massif (Mazur et al. 2006) .
Another part of this terrane boundary could have been a hypothetical pre-intrusive, sinistral strike-slip fault, N-S oriented and parallel to the eastern margin of the Bardo Structural Unit (Fig. 3; Oberc 1995) . This pre-intrusive fault separated the Teplá-Barrandian Terrane hidden under the Bardo Unit (the Góry Sowie gneisses, Chorowska et al. 1987 , and the Kłodzko Metamorphic Unit, Oberc 1987) to the west, from the Moldanubian Terrane, represented by the roof pendants of the Kłodzko-Złoty Stok Massif to the east. This pre-intrusive fault could have been the southern prolongation of the sinistral Niemcza Shear Zone (Oberc 1995 ) and used as a magma feeding channel of the Kłodzko-Złoty Stok Massif. At present, the fault is masked by the granitoids (Oberc 1995) .
The Skrzynka Shear Zone, regarded by some authors (e.g. Dumicz 1988; Cymerman 1996; Mazur et al. 2006) as the southern prolongation of the Niemcza Shear Zone, cut only the Moldanubian rocks represented by roof pendants of the Kłodzko-Złoty Stok Massif on the west and by the rocks of the Orlica-Śnieżnik Dome on the east. Thus, it does not seem to separate two major tectonostratigraphic units (terranes). The Skrzynka Zone, intruded by the relatively older Jawornik granitoids (cf. c. 350 Ma U-Pb and Ar-Ar cooling ages) was probably tectono-thermally active earlier than the hypothetical fault used by the Kłodzko-Złoty Stok granitoids.
Emplacement and origin of internal structures of intrusions in the Central Sudetes
The granitoids of the Niemcza, Jawornik and of the southern part of the Kudowa-Olešnice intrusions form sheetlike bodies. The borders of these intrusions are parallel to the foliation in the surrounding metamorphic rocks (Burchart 1960; Dziedzicowa 1963; Białek and Werner 2002) . The parallelism of the flattened enclaves and the foliation in the Niemcza granitoids and the parallelism of long axes of enclaves and the lineation in these rocks (Dziedzicowa 1963) suggest that the emplacement and the early stage of crystallization of the Niemcza granitoids were syntectonic, i.e. overlapped with the deformation in the country rocks. This view is supported by the presence of the subhorizontal magnetic lineation recorded not only in mylonites and gneisses, but also in the majority of the intrusive bodies, even those which look as non-deformed (Werner 2002) .
The Kłodzko-Złoty Stok Pluton shows a domal structure which is documented by the orientation of the magmatic foliation ( Fig. 3; Wojciechowska 1975 ). The three domal structures recognized in this pluton were fed with magma delivered by NW-SE-oriented channels (Wojciechowska 1975) or, alternatively, along the NNE-SSW-trending, hypothetical fault (Oberc 1987 (Oberc , 1995 . It is possible that the NW-SE channels were subordinate to the main NNE-SSW-striking magma feeder system (Oberc 1987 (Oberc , 1995 . It is also likely that the Kłodzko-Złoty Stok and the Niemcza granitoids originally formed a single plutonic system. Because of deeper erosion level in the Fore-Sudetic Block, compared with that in the Sudetes, the northern part of this hypothetical pluton (the Niemcza granitoids) would represent at least a c. 2.5 km deeper level (a feeder zone of the pluton) than its southern part (the Kłodzko-Złoty Stok Massif, corresponding to a zone of magma accumulation).
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The formation of the Kudowa-Olešnice Massif started with the emplacement of the microtonalite dykes which were folded during the main F 2 deformational phase (Ż elaźniewicz 1977) . At the next stage, the older granitoid intruded as sills into the Stronie Śląskie schists in the western part of the Orlica-Śnieżnik Dome. Some of these sills were folded during the F 4 phase. The younger, more acidic granitoid that forms the northern, larger part of the pluton is postkinematic (Ż elaźniewicz 1977) . It forms a dome structure defined by the protoclastic foliation (Ż elaźniewicz 1977) . It is further inferred that the magma of the northern part of the pluton was delivered through a channel located in the western part of the massif.
The estimated pressures suggest that the granitoids forming thin and long dykes inside the shear zones (the Niemcza and Jawornik granitoids) were emplaced at midcrustal level. In contrast, the larger plutons were emplaced at a shallower crustal level. The Kłodzko-Złoty Stok pluton showing dome-like form, which intruded the sedimentary rocks of the Bardo Unit (Wierzchołowski 1976; Wojciechowska 1975 ) was emplaced at an uppermost crustal level. The northern part of the Kudowa pluton, showing a loaf form, intruded medium-grade metamorphosed schists of the Stromie Ślaskie Formation. However, the protoclasis structures (Ż elaźniewicz 1977) in the granitoids, characteristic for shallowly emplaced rocks (Sylvester et al. 1978; Alekseev 2010) , suggest that the schists were part of the upper crust during the emplacement of the Kudowa granitoids.
Origin of magmas
The CS granitoids correspond mostly to metaluminous rocks of intermediate composition, characterized by a relatively high K 2 O content (Table 2) . Peraluminous granites are less abundant. The presence of hornblende, clinopyroxene and mafic enclaves in the granitoids clearly points to the admixtures of mafic components.
The trace-element characteristics of the CS and MOFZ granitoids show various chemical anomalies, e.g. usually distinct negative Nb and Ti anomaly. Some of these anomalies are observed only in some of the granitoids, suggesting that different source materials and resulting partial melts were involved in the generation of the magmas. For example, the OL sample of the Kudowa Massif displays a HREE depletion which might reflect a magma extracted from a relatively deep crustal source containing residual garnet; the crustal origin of this granite is confirmed by its Sr-Nd radiogenic isotopes. All the CS and Wrocław granodiorites display similar Eu/Eu* anomalies, but different from those reported form other granitoids in the Sudetes (e.g. in the Karkonosze and Strzelin massifs). These differences might reflect either different source reservoirs or variable extent of plagioclase fractionation and diverse oxidation states of the magmas. Pietranik et al. (2013) report that the diorites from the Niemcza Shear Zone record a change in geochemistry from high K (the Przedborowa type) to shoshonitic (the Koźmice type and Kośmin enclaves) and, locally, also ultrapotassic magmas (Wilków Wielki) (Fig. 2) . The older diorites (the Przedborowa type) are lower in K 2 O, MgO, Rb and Ni than the younger ones (the Koźmice type). According to Pietranik et al. (2013) , if the age difference between Przedborowa (342 ± 2 Ma) and Koźmice (336 ± 2 Ma) diorites is real, it correlates with a change in magma chemistry, from high K to shoshonitic, over approximately 5 Ma. A similar compositional trend was also observed in the Central Bohemian Plutonic Complex (Pietranik et al. 2013) .
The 87 Sr/ 86 Sr t ratios span a relatively large range (0.7054-0.7073) in the Niemcza granitoids (Table 4 ), as do the εNd i values (from −6 to −3.7, Table 3 ), suggesting that the contribution of the mafic materials characterized by relatively primitive Sr-Nd isotope signatures varied from considerable in diorites to lower in granodiorites. The strong LREE enrichment and high concentrations of Ba and Sr further suggest that this component was extracted from an enriched-mantle source. According to Lorenc (1998) and Lorenc and Kennan (2007) , the field evidence from the Niemcza Zone and the different initial 87 Sr/ 86 Sr ratios of individual rock types indicate that the particular magmas did not interact. Moreover, isotopic data suggest that the rocks of the Niemcza Shear Zone did clearly not derive from a single homogeneous source. Processes of igneous mixing and/or contamination may have operated at the source, containing both mantle and crustal components, but it is also probable that this source was previously mixed. Individual magmas may have been simultaneously intruded from separate magma chambers or from different levels of one extensive magma chamber (Lorenc and Kennan 2007 Sr t = 0.7069; εNd i = −3.3) than the rest of the samples. More complex interactions were probably involved. However, when compared to the large range found in the Niemcza Zone granitoids, the relatively homogeneous isotopic signature is consistent with the interpretation of the Kłodzko-Złoty Stock body as a zone of magma storage and homogenization.
Much higher Sr isotope ratios (0.7096-0.7112), characteristic for crustal magmas, are found in the KudowaOlešnice granitoids (Bachliński 2007) , suggesting metasedimentary rocks, along with possible felsic igneous rocks, as a suitable source material for their parent magmas (Bachliński 2007) . The initial ratios of 87 Sr/ 86 Sr 331 in the Kudowa-Olešnice Massif are higher than in the other granitoids in the Sudetes, e.g. in the Karkonosze granite 0.7043-0.7090 (Kryza et al. 2014 ) and in the fine-grained biotite Strzelin granite-0.7070, but comparable with the highly radiogenic values (0.716-0.722) measured in the biotite-muscovite Strzelin granites (Oberc-Dziedzic et al. 2013 , recalculated from Oberc-Dziedzic et al. 1996) .
In short, the following overall picture is arising from the Sm-Nd isotope characteristics of the CS granitoids: (1) strongly unradiogenic in the Kudowa-Olešnice granites, which can be interpreted as almost purely crustal partial melts; (2) mildly unradiogenic in the Kątna, Kłodzko-Złoty Stok and Niemcza granodiorites, which most likely reflect hybridization processes between mafic end-members and crustal melts, and (3) very weakly unradiogenic in the Niemcza diorites, which provide the closest candidate for the mantle-derived end-member. Moreover, the Nd isotope data reflect average source materials that were not strongly enriched in LREE on a time-integrated basis and, therefore, rule out-with the exception of the Kudowa Pluton-a largely dominant role for ancient continental crust or sediments derived from such old crustal sources, characterized by strongly negative εNd (t) values.
The strong LREE enrichment observed in the isotopically rather primitive Niemcza granitoids, combined with elevated Ba and Sr contents, is remiscent of an enrichedmantle source, although the weakly negative εNd values implies that this enrichment was not a very old feature.
Although the CS granitoids show differences in their 87 Sr/ 86 Sr i and εNd t values, which are observed not only between particular massifs but also inside particular intrusions, they are very similar in their incompatible trace-element characteristics. The observed low Th/Nb (0.59-1.9) and high La/Nb (1.6-4.6) ratios reflect depletion of Nb relative to other incompatible elements and might indicate a crustal origin of the granitoids (Hofmann 1988; McLennan et al. 2006; Oberc-Dziedzic et al. 2009a ). However, several features are at odd with this interpretation, including the overall mafic major element composition and the very high contents in Sr and Ba, which cannot be accounted for by crustal sources, but instead require a substantial contribution of mafic magmas, that were extracted from enriched-mantle reservoirs.
By essence, there is little isotopic contrast between such enriched-mantle domains and crustal end-members, and their incompatible trace elements show great resemblances.
The old zircon inheritance was not the primary target of our new SHRIMP study; thus, the data on the old zircons are rather limited. The oldest, late Archean zircon, c. 2.60 Ga in age, was found in the Kłodzko-Złoty Stok granodiorite (sample DRO) where the spectrum of measured inheritance comprised also two Palaeoproterozoic grains (c. 1.90 Ga) and two younger ones of 1.37 and 0.90 Ga. In the Kudowa granite (sample OL), two grains show 2.13 and 1.68 Ga, and another one yielded an imprecise age of c. 565 ± 71 Ma. In the Wrocław granitoid of Kątna (KAT), one older zircon was measured at c. 1.95 Ga and another Precambrian grain gave an imprecise date of 606 ± 60 Ma.
Whether these Precambrian zircons were inherited from the major magma source(s) and/or correspond to xenocrysts picked from crustal country rocks during magma ascent and emplacement cannot be ascertained, but the presence of such a diverse inherited zircon population most likely reflects the significant contribution of metasedimentary components in the crustal end-member(s) which contributed to the petrogenesis of some of the CS granitoids.
The inherited zircons in the Variscan granitoids of the CS and MOFZ show similar age spectra as those in the Late Cadomian and Early Ordovician granitoids in the West and East Sudetes (Turniak et al. 2000; ObercDziedzic et al. 2003 ObercDziedzic et al. , 2009a ObercDziedzic et al. , b, 2010b Ż elaźniewicz et al. 2009b) . In a wider regional context, the scarce inheritance measured in the granitoids of the study area is typical of the crustal rocks of the Central European Variscides (e.g. Zeh et al. 2001 ), but the limited data available do not allow for detailed large-scale palaeotectonic interpretations.
Thermal history of the Central Sudetes shear zones
In all of the Central Sudetes shear zones discussed in this paper (the Niemcza, Skrzynka and Nové Mȇsto-OrlicaŚnieżnik shear zones), and probably also in the Middle Odra Fault Zone, the emplacement of granitoids was preceded by an increase in the thermal gradient, as indicated by the crystallization of andalusite, cordierite and sillimanite in the regionally metamorphosed country rocks (Kozłowska-Koch 1973; Oberc and Oberc-Dziedzic 1978; Dziedzicowa 1963 Dziedzicowa , 1987 Mazur and Józefiak 1999; Mazur et al. 2005) . In the Niemcza Shear Zone, the mylonitization took place at relatively high temperatures allowing for the crystallization of syndeformational sillimanite and biotite (Mazur and Puziewicz 1995) .
The rocks of the shear zones in the study area were subsequently thermally metamorphosed at the contacts with granitoid bodies (Kozłowska-Koch 1973; Dziedzicowa 1987) . The contact aureoles of the Niemcza, Kudowa-Olešnice and Jawornik granitoids, situated inside the shear zones, were narrow, because of the small size of these intrusions, and metamorphic alterations were limited mainly to the static recrystallization. Only the thermal aureole of the Kłodzko-Złoty Stok Massif was wider, estimated at, at least, several hundred metres (Bagiński 2002) , covering also the western part of the Skrzynka Shear Zone.
The granitoids of the Central Sudetes and Middle Odra Fault Zone compared with plutons related to the major Central Bohemian Shear Zone
The Central Sudetes granitoids are spatially and temporally related to shear zones. The ages of the CS and MOFZ granitoids are bracketed between 351 Ma (the Jawornik intrusion) and 332 (307) Ma (the Kudowa-Olešnice Massif) (Table 1 ). These data suggest that the shear zone-related plutonism was a protracted process, lasting at least c. 20 Ma.
Similar ages have been reported from granitoid plutons emplaced along the Central Bohemian Shear Zone and the Western Bohemian Shear Zone, which separate the Teplá-Barrandian Unit from the Moldanubian Unit ( Fig. 11 ; Dörr and Zulauf 2010) .
The eastern part of the Central Bohemian Shear Zone is dominated by the large Central Bohemian Pluton, consisting of several individual intrusions differing in age and composition, and reflecting a magmatic sequence from older calc-alkaline to younger ultrapotassic melts: the Požáry trondhjemite (351 ± 11 Ma), the Sázava calc-alkaline tonalite/granodiorite with quartz dioritic to gabbroid rocks (354 ± 4 Ma), the Blatna calc-alkaline granodiorite (346 ± 10 Ma), the Čertovo Břemeno durbachites (343 ± 6 Ma) and the Tabor Pluton quartz syenites, to melagranites (337 ± 1.0 Ma) (Dörr and Zulauf 2010 and references therein; Fig. 11 ).
The western part of the Central Bohemian Shear Zone was intruded by the Klatovy Pluton composed of the Klatovy granodiorite (347 + 4/−3 Ma), the Kozlovice granodiorite (346 ± 6 Ma), the Okrajovy granite and the Nyrsko granite (339 ± 2 Ma) (Dörr and Zulauf 2010) .
Relatively younger plutons are also present along the Western Bohemian Shear Zone: the Bor granite (331 ± 1 Ma) on the north, the Mutȇnin gabbro/diorite (341 ± 1 Ma) and the Drahotin gabbronorite (328 ± 1 Ma) in the middle part and the Babylon granite (342 + 10/−6 Ma) on the south (Dörr and Zulauf 2010) (Fig. 11) .
Although the igneous activity related to the Central and Western Bohemian shear zones has a similar age and similar time span of c. 20 Ma (Dörr and Zulauf 2010) , as those in the CS and MOFZ (Fig. 11) , the igneous rocks in both areas differ considerably. Generally, the granitoids of the CS and MOFZ are represented by acidic rocks: granodiorites and less common tonalites and granites; these magmas originated from crustal sources, with a substantial contribution of mafic magmas that were extracted from enrichedmantle reservoirs as indicated by the trace-element characteristics, εNd values and radiogenic Sr isotope signatures. A contribution of mafic magmas is suggested also by mafic enclaves and small bodies of ultrapotassic rocks, e.g. in the Niemcza Shear Zone (Pietranik et al. 2013 ) and in the Kłodzko-Złoty Stok Massif (Wierzchołowski 1977 (Wierzchołowski , 2003 . In contrast, plutons related to the Central and Western Bohemian Shear Zones comprise, apart from granodiorite, tonalite and granite, also more mafic, mantle-derived rocks: gabbro, gabbro/diorite, gabro/norite and trondhjemite. The described compositional differences between the magmatic rocks in both areas suggest that mantle contributions were more significant in the Central and Western Bohemian shear zones than in the shear zones of the CS and MOFZ.
Conclusions
1. The Central Sudetes granitoid plutons are both temporally and spatially related to steep, crustal-scale shear zones, which provided effective channels for melt transport, and plausibly favoured their generation at depth through the ingress of mafic magmas. 2. The steeply inclined, narrow and rather small granitoid intrusions (the Niemcza, Jawornik and the southern part of the Kudowa-Olešnice massifs) were emplaced within shear zones at mid-crustal level (c. 20 km depth), whereas the larger, flat-lying plutons (the Kłodzko-Złoty Stok Massif, the northern part of the Kudowa-Olešnice Massif) were emplaced in the upper crust, and outside or above these shear zones. 3. The Central Sudetes granitoids were mainly generated by partial melting of crustal sources, with variable contributions (or no contribution in the Kudowa Pluton) of mafic magmas. The mafic magmas were most likely extracted from enriched-mantle sources showing little contrast with crustal end-members in terms of incompatible trace-element features and Sr-Nd isotope signature. 4. The magmatic foliation and lineation in granitoid sheet-like intrusions are concordant with those in the surrounding rocks in the shear zones. This parallelism suggests that the solidification of granitoids was coeval with deformation in the shear zones. Instead, the magmatic foliation in the dome-like plutons is interpreted to reflect magma flow. 5. Ductile, transcurrent movements along the shear zones of the Central Sudetes, and probably also in the Middle Odra Fault Zone, postdate medium-pressure regional metamorphism and were accompanied by an increase in the local thermal gradient, as documented by the crystallization of cordierite, andalusite and sillimanite; this event preceded the emplacement of granitoids and concomitant thermal influence of the magmas. 6. When compared to the intrusions delineating the boundary between the Tepla-Barandian and Moldanubian units in the Central Sudetes, the plutonic rocks related to the Central and Western Bohemian shear zones comprise, apart from evolved acidic lithologies, also more abundant mafic rocks. This suggests a greater contribution of mafic materials of mantle affinity and, possibly, a deeper crustal setting for the Bohemian Shear Zone, compared to a more shallow (upper crustal) level of the shear zones in the Central Sudetes area.
